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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high tensile strength welded 
steel tube which has a strength satisfying a tensile strength of >590 
MPa and combines excellent workability and excellent fatigue properties, 
and to provide a production method thereof. 
SOLUTION: The high tensile strength welded steel tube has a 
composition containing, by weight, 0.035 to 0.185% C, 0.75 to 1.95% Mn, 
0.01 to 0.49% Mo, 0.010 to 0.145% Ti, 0.01 1 to 0.10% Al, <0.03% P, <0.004% 
S. <0.006% N and <0.004% 0, and the balance substantially Fe. The 
fraction of a ferritic structure in which (Ti, Mo) multiple carbides with a 
particle diameter of <10 nm satisfying, by an atomic ratio, Mo/(Ti+Mo) 
=0.33 to 0.77 are precipitated in the structural face is 60 to 100%. 
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* NOTICES 


JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1]By weight %, C:0.035 to 0.185%, Mn;0.75-1.95%, Mo; 0.01-0.49%, Ti:0.01 0-0.1 45%, aluminum ; 0.011 to 
0.10%, P:0.03% or less, S:0.004% or less, N:0.006% or less, and 0:0.004% or less, the remainder consists of Fe(s) 
substantially and particle diameter at 10 nm or less. A high tension welded steel pipe a ferrite where complex 
carbide which is Mo/(Ti+Mo) =0.33-0.77 in an atomic ratio (Ti, Mo) deposited excelled [ welded steel pipe ] in 
processability characterized by being 60 to 100% at a rate of an organization region, and fatigue characteristics. 
[Claim 2]By weight %, 51:0.005-1.50%, Cr:0.01-0.24%. Nb : 0.001 to 0.060%. V:0.001 to 0.050%, W:0.001 to 0.50%, 
nickel:0.01-0.50%, Cu : 0.01 to 0.24%, B:0.0001 to 0.0006%, Ca:0.0001 -0.0040%, REM: A high tension welded steel 
pipe excellent in processability according to claim 1 and fatigue characteristics containing one or more of 0.0001 
to 0.0040% of sorts. 

[Claim 3]A high tension welded steel pipe excellent in the processability according to claim 1 or 2 filling (1) type 
of the following expressed with weight % of Ti. Mo. and N, and fatigue characteristics, 

0.1 5<= (Ti-(48/14) Nl /Mo<=1 .... (1) 

[Claim 4]ln manufacturing the welded steel pipe according to any one of claims 1 to 3, After heating steel slab of 
the above-mentioned presentation at not less than 1150 **, hot-rolling which makes finishing rolling temperature 
not less than 850 ** is performed, cooling to 700 ** or less within after [ finishing rolling ] 5 seconds — more 
than 600 ** — a manufacturing method of a high tension welded steel pipe which is excellent in processability 
rolling round at -675 **, considering it as a hot-rolling steel strip, and forming a tube after pickling and a slit, and 
fatigue characteristics. 

[Claim 5]Have the component composition of claim 1 or claim 2. and particle diameter at 10 nm or less. A steel 
strip for high tension welded steel pipe raw materials a ferrite where complex carbide which is Mo/(Ti+Mo) 
=0.33-0.77 in an atomic ratio (Ti, Mo) deposited excelled [ steel strip ] in processability characterized by being 
60 to 100% at a rate of an organization region, and fatigue characteristics. 

[Claim 6]A steel strip for high tension welded steel pipe raw materials excellent in the processability according 
to claim 5 filling (1 ) type of the following expressed with weight % of Ti. Mo, and N, and fatigue characteristics. 

0.1 5<= (Ti-(48/14) N} /Mo<=1 .... (1) 


[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention has and bends the intensity of 590 or more MPa of tensile strength, 
combines processability required for fluid pressure, expansion, pipe shrinking, shaping that compounded these, 
etc., and outstanding fatigue characteristics, and relates to a suitable high tension welded steel pipe for 
structural members, such as a car and a motorcycle, a manufacturing method for the same, and its steel strip for 
raw materials. 
[0002] 

[Description of the Prior Art]Application of the high tension welded steel pipe from a viewpoint of the weight 
saving of the body and high-rigidity-izing to automobile structural members, such as a suspension arm, a 
suspension member, an axle beam, a stabilizer, a frame, and a shaft, is considered, and the high tension steel 
pipe suitable for these is called for strongly. The art about the high tension welded steel pipe applied to such an 
automobile structural member until now is proposed variously. 

[0003]!n JP,1 1 -279697,A, C-Si-Mn-Cr is rolled round below 250 ** after hot-rolling the steel slab used as the 
main ingredients. Having the complex tissue which consists of a ferrite, remainder martensite, and bainite is 
indicated by the art about the electroseamed steel pipe by which it is characterized, and it to JP,1 1-279699,A. 
The art about the electroseamed steel pipe having the complex tissue which rolls round below 600 ** after hot- 
rolling the steel slab which uses C-Si-Mn as the main ingredients, or contains further pickling, cold-rolling, and 5 
to 1 0% of metastable austenite that carried out continuous annealing after hot-rolling is indicated, according to 
such art, tensile strength (TS) is comparatively good in the range of 550 - 780MPa ~ although it is extended 
and (El) is obtained, there is a problem in fatigue characteristics. 

[0004]The art in which TS obtains the machinery electroseamed steel pipe of 810 - 920MPa is indicated by 
JP,5-302121,A by annealing the steel slab which uses C-Si-Mn-Nb-Mo as the main ingredients after hot-rolling, 
cold-rolling, and **** tubulation. However, with this art, there is a problem from which fatigue characteristics, 
especially the fatigue characteristics after a fabricating operation are not fully acquired. 
[0005]In the patent No. 3235168 gazette, G-Si~Mn-Nb~minute amount Ti is rolled round at 600-200 ** after 
hot-rolling the steel slab used as the main ingredients, Carrying out electric resistance welding is indicated by 
the art by which it is characterized, and it to JP, 5-271 859,A. The art rolling round and carrying out electric 
resistance welding of C-Si-Mn-Nb-minute amount Ti-B at 600-200 ** after hot-rolling the steel slab used as 
the main ingredients is indicated, The art carrying out electric resistance welding of the hot-rolling steel strip 
which uses C-Si-Mn-Nb-minute amount Ti-Mo as the main ingredients to JP,5-43980,A is indicated. According 
to these art, although the eiectric-resistance-welding part toughness in which TS is comparatively good in the 
range of 680 - 940MPa is acquired, there is a problem in the processability and fatigue characteristics, especially 
the fatigue characteristics after processing. 
[0006] 

[Problem(s) to be Solved by the Invention]By a Prior art, the high tension welded steel pipe which had the 
processability needed for structural members, such as a car, fatigue characteristics, especially the fatigue 
characteristics after a member fabricating operation is not obtained as mentioned above. 
[0007]This invention was made in view of this situation, and is Processability required for shaping etc. 

which the purpose had and bent the intensity of 590 or more MPa, and compounded fluid pressure, expansion, 
pipe shrinking, and these. It is providing a suitable high tension welded steel pipe for structural members which 
had outstanding fatigue characteristics, such as a car and a motorcycle, a manufacturing method for the same. 
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and the steel strip for welded steel pipe raw materials. 

[0008] 

[Means for Solving the Problemjln order to obtain a welded steel pipe which fills the opposite characteristics, 
such as intensity, processability, and fatigue characteristics, simultaneously, this invention persons changed 
various a chemical entity of a welded steel pipe, microstructures, and sludge existence states, and performed 
systematic experiment examination. As a result, a rate of a region of not less than 60% all over a ferrite which 
occupies with particle diameter of 10 nm or less. It found out that a welded steel pipe which fulfills desired 
intensity, processability, and fatigue characteristics by depositing minutely complex carbide which is Mo/(Ti+Mo) 
=0.33-0.77 in an atomic ratio (Ti, Mo) simultaneously was obtained. 

[0009]It is completed based on such knowledge and this invention provides the following (1) - (6). 
[0010]By weight %, (1) C;0.035 to 0.185%, Mn:0.75-1.95%, Mo: 0.01-0.49%, 71:0.010-0.145%, aluminum : 0.01 1 to 
0.10%, P:0.03% or less, S:0.004% or less, N:0.006% or less, and 0:0.004% or less, the remainder consists of Fe(s) 
substantially and particle diameter at 10 nm or less. A high tension welded steel pipe a ferrite where complex 
carbide which is Mo/(Ti+Mo) =0.33-0,77 in an atomic ratio (Ti, Mo) deposited excelled [ welded steel pipe ] in 
processability characterized by being 60 lo IOO°c at a rate of an organization region, and fatigue characteristics. 
[0011]In the above (1), by weight %, further (2) Si:0.005-1 .50%, Cr: 0.01-0.24%, Nb : 0.001 to 0.060%, V:0.001 to 
0.050%, W:0.001 to 0.50%, nickehO.OI -0.50%, Cu : 0.01 to 0.24%, 8:0.0001 to 0.0006%, Ca:0,0001 -0.0040%, REM; A 
high tension welded steel pipe excellent in processability containing one or more of 0.0001 to 0.0040% of sorts, 
and fatigue characteristics. 

[0012](3) A high tension welded steel pipe excellent in processability filling (1) type of the following expressed 
with weight % of Ti, Mo, and N in the above (1) or (2), and fatigue characteristics. 
0.1 5<= {Ti-(48/14) N) /Mo<=1 .... (1) 

[001 3](4) In manufacturing a welded steel pipe of a statement from the above (1) to either of (3), After heating 
steel slab of the above-mentioned presentation at not less than 1150 **, hot-rolling which makes finishing rolling 
temperature not less than 850 ** is performed, cooling to 700 ** or less within after [ finishing rolling ] 5 
seconds — more than 600 ** — a manufacturing method of a high tension welded steel pipe excellent in 
processability rolling round at -675 **, considering it as a hot-rolling steel strip, and forming a tube after pickling 
and a slit, and fatigue characteristics. 

[0014](5) Have the above (1) or the component composition of (2), and particle diameter at 10 nm or less. A 
steel strip for high tension welded steel pipe raw materials a ferrite where complex carbide which is Mo/(Ti+Mo) 
=0.33-0.77 in an atomic ratio (Ti, Mo) deposited excelled [ steel strip ] in processability characterized by being 
60 to 100% at a rate of an organization region, and fatigue characteristics. 

[0015](6) A steel strip for high tension welded steel pipe raw materials excellent in processability filling (1) type 
of the following expressed with weight % of Ti, Mo, and N in the above (5), and fatigue characteristics. 
0.1 5<= (Ti-(48/14) N} /Mo<=1 .... (1) 
[0016] 

[Embodiment of the Invention]Hereafter, this invention is explained concretely. The most important point of the 
welded steel pipe of this invention is a point that the ferrite where the detailed (Ti, Mo) complex carbide which is 
10 nm or less in particle diameter, and is Mo/(Ti+Mo) =0.33-0.77 in an atomic ratio deposited is 60 to 100% at 
the rate of an organization region. The welded steel pipe which has desired intensity, processability, and fatigue 
characteristics simultaneously by this is obtained. Thus, carrying out the detailed deposit of the carbide can 
attain high intensity-ization, without degrading fatigue characteristics and processability, and it is considered to 
be one of the factors that the amount of elements required in order to acquire the distance between the most 
neighbouring particles of a sludge required for an intensity rise decreases etc. 

[001 7]The size of the ferrite molar fraction of a steel pipe and the sludge in a ferrite and the relation of the 
bending characteristic are shown in drawing 1 . the ratio of marginal bend-radii (bend radii of pipe center axis) rho 
(mm) by rotation ****** with which bending nature used a pressure die and inner steel together, and pipe 
outside d (mm) — value TS/(rho/d) (MPa) which broke intensity TS (MPa) of the steel pipe by rho/d estimated. 
Bending nature becomes good, so that a value is large. Pressure die pushing force at this time was made into 
the maximum stress which it buckles and wrinkles do not generate. The number in a plot among a figure is a 
value of TS/(rho/d). Drawing 1 shows that the outstanding bending characteristic beyond 400MPa is obtained 
for TS/(rho/d) by depositing very detailed (Ti, Mo) complex carbide with a particle diameter of 10 nm or less all 
over the ferrite which occupies the rate of a region of not less than 60%. The size of the sludge in a ferrite was 
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started from the steel pipe, and it measured from the 400,000 times as many transmission electron microscope 
photograph as the polished thin film, and has grasped by asking for the mean particle diameter, and the energy 
dispersion type spectral device with which the transmission electron microscope was equipped analyzed the 
presentation of the sludge. 

[0018]With the rate of an organization region of the ferrite in this invention. The gestalt is not asked including a 
polygonal ferrite and pseudo-polygonal ferrite and a reed cure ferrite by the thing of the rate of a region except 
the pearlite texture, the bainite texture, martensitic structure, and retained austenite phase which are hard 

structure and a phase. 

[001 9]The relation between the value of the size of the sludge in the ferrite of a steel pipe and Mo/(Ti+Mo) 
(atomic ratio) of a sludge and the fatigue characteristics of a steel pipe is shown in drawing 2. The fatigue 
characteristics of the steel pipe fixed the end of the curved pipe, have already bent the end, at the flat surface, 
they made it it displaced perpendicularly, bent it, and they twisted it, and the fatigue test estimated them 4 
point-bending fatigue test of the straight pipe. The ratio (sigma^/TS) of for the first time in [ a piece ], 1 0 ® 
repetition fatigue limit sigma . (twice of major-principahstress amplitude) in conditions with a frequency of 5 Hz, 
and steel pipe intensity TS estimates 4 point-bending fatigue test of a straight pipe, After a curved pipe's 
bending, twisting and carrying out rotation length bending of the fatigue test with bend-radii rho/d=2.0 and the 
bend angle of 90 degrees. The ratio (sigmag/TS) of 5x10 ^ repetition fatigue limit sigma^ (alternating stress of 
major principal stress) in both ways and conditions with a frequency of 1 Hz and steel pipe intensity TS 
estimated, respectively. The element tube size was made into phi70x2.0t(mm). The number in the round plot of 
the lower berth of dr awing 2 is a value of sigma^/TS, and the number in the square plot of the upper row of 
drawin g 2 Is a value of sigmag/TS. From drawing 2 , particle diameter all over a ferrite by depositing the complex 
carbide which is Mo/(Ti+Mo) =0.33-0.77 in 10 nm or less and an atomic ratio (Ti. Mo). (sigma^/TS) It turns out 
that the fatigue characteristics which were excellent in >=0.6 and >=(sigmag/TS) 0.45 are acquired. 
[0020]Next, component composition is explained. The component composition of the welded steel pipe of this 
invention is weight %, and C:0.035 to 0.185%, Mn: 0.75-1.95%, Mo:0.01-0.49%, Ti : 0.010 to 0.145%, aluminum : 0.011 
to 0.10%, P:0.03% or less, S:0.004% or less, Are N:0.006% or less and 0:0.004% or less, and further 51:0.005-1.50%, 
Cr: 0.01-0.24%, Nb : 0.001 to 0.060%, V.0.001 to 0.050%, W:0.001 to 0.50%, nlckel:0.01-0.50%, Cu:0.0 1-0.24%, 
8:0.0001 to 0.0006%, Ca:0.0001 -0.0040%, REM: One or more of 0.0001 to 0.0040% of sorts can be contained. It is 
preferred to fill 0.15 <={Ti-(48/14) N} / Mo<=1. 
[0021]These reasons for limitation are as follows. 

C: C is an essential element which constitutes the complex carbide (Ti, Mo) in a ferrite required in order to 
acquire desired intensity, processability, and fatigue characteristics. However, the complex carbide (Ti, Mo) of a 
complement is not obtained by intensity reservation as the quantity is less than 0.035%, but it becomes 
insufficient strength, and on the other hand, if it exceeds 0.185%, the deposit action of carbide will change and 
processability and fatigue characteristics will deteriorate. Therefore, C content is made into 0.035 to 0.185%. 
[0022]Mn: Mn is an essential element to control the growth rate of complex carbide (Ti, Mo), and for particle 
diameter make complex carbide (Ti, Mo) of 10 nm or less form. However, since the complex carbide (Ti, Mo) 
below 10 nm is not fully formed [ the quantity ] for particle diameter at less than 0,75%, if desired intensity, 
processability, and fatigue oharacteristics are not acquired but it exceeds 1.95% on the other hand, the rate of a 
region of a ferrite will be less than 60%, and desired processability will not be obtained. Therefore, a Mn content 
is made into 0.75 to 1.95%. 

[0023]Mo: Mo is an essential element which makes the complex carbide (Ti, Mo) in a ferrite required in order to 
acquire desired intensity, processability, and fatigue characteristics generate. However, the complex carbide (Ti, 
Mo) of a complement is not obtained by intensity and processability reservation as the quantity is less than 
0.01%, but it becomes insufficient [ intensity and processability ], and on the other hand, if it exceeds 0.49%, 
fatigue characteristics will fall. Therefore, Mo content is made into 0.01 to 0.49%. 

[0024]Ti: Ti is an essential element which makes the complex carbide (Ti, Mo) in a ferrite required like Mo in 
order to acquire desired intensity, processability, and fatigue characteristics generate. However, the complex 
carbide (Ti, Mo) of a complement is not obtained by intensity and processability reservation as the quantity is 
less than 0.010%, but it becomes insufficient [ intensity and processability ], and on the other hand, if it exceeds 
0.145%, fatigue characteristics will fall. Therefore, a Ti content is made into 0.010 to 0.145%. 
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[0025]aluminum: aluminum is an essential element for carrying out the detailed deposit of the complex carbide 
(Ti, Mo) by controlling the austenite grain growth in a hot-rolling process while being a deoxidizing element at the 
time of steel manufacture. However, the quantity is deficient in the effect at less than 0.011%, and on the other 
hand, if it exceeds 0.10%, fatigue characteristics will deteriorate. Therefore, Al content is made into 0.011 to 

0.10%. 

[0026]P, S, N, O: Each of these is impurity elements to which processability and fatigue characteristics are 
reduced, and P makes the value each maximum, in order that the adverse effect may actualize, if S exceeds 
0.004%, N exceeds 0.006% and O exceeds 0.004% 0.03%. 

[0027]Si: Si promotes generation of a ferrite, and it can add it in order to obtain the desired rate of a ferrite 
region. The quantity is deficient in the effect at less than 0.005%, and since fatigue characteristics will fall on the 
other hand if it exceeds 1.50%, in adding Si. it makes the content into 0.005 to 1.50%. 

[0028]Cr: Since there is work with which the growth rate depressant action of the complex carbide (Ti, Mo) of 
Mn is compensated, Cr can be added. The quantity is deficient in the effect at less than 0.01%, and since fatigue 
characteristics will deteriorate on the other hand if it exceeds 0.24%, in adding Cr, it makes the content into 0.01 

to 0.24%. 

[0029]Nb, V, W: Since the element of these is an effective element which complements intensity with forming 
carbide, it can be added. All are deficient in the effect at less than 0.001%, and if Nb exceeds 0.060%, V exceeds 
0.050% and W exceeds 0.50%, processability and fatigue characteristics will fall. Therefore, in adding these, they 
may be Nb:0.001 -0.060%, V:0.001 to 0.050%, and W:0.001 to 0.50%. Since the effect which complements the 
intensity of Nb is saturated with 0.01 7% when Ti is less than 0.041%, when adding Nb 0.018% or more, it is 
desirable for Ti to be 0.041% or more. 

[0030]nickel, Cu: Since there is work with which the growth rate depressant action of the complex carbide (Ti, 
Mo) of Mn is compensated, these can be added. The quantity is deficient in the effect at less than 0.01%, and on 
the other hand, since processability and fatigue characteristics will deteriorate if nickel exceeds 0.50% and Cu 
exceeds 0.24%, in adding nickel and Cu, they may be nickel:0.01-0.50% and Cu:0.01-0.24%. 
[0031]B: B can be added in order to give hardenability to a steel pipe. The quantity is deficient in the effect at 
less than 0.0001%, and since processability and fatigue characteristics will fall if it exceeds 0.0006%, in adding B, 
it makes the content into 0.0001 to 0.0006%. 

[0032]Ca, REM; Since there is work which improves processability further by gestalt control of a sulfide, Ca and 
REM can be added. Since the effect is saturated even if all are deficient in the effect at less than 0.0001% and 
exceed 0.0040%, in adding these, it may be 0.0001 to 0.0040%, respectively. 

[0033][Ti-(48/14) N} / Mo; In order to make [ of 10 nm or less ] detailed size of the complex carbide (Ti, Mo) in a 
ferrite, it is preferred that the value of Ti, Mo, and {Ti-(48/14) N} / Mo expressed with weight % of N is within the 
limits of 0.15-1. This is considered to be because for big and rough-ization of carbide to be deterred when Ti 
atoms and Mo atom interact. The carbide size which deposits that the value of {Ti-(48/14) N} / Mo is less than 
0.15 becomes large, intensity processability falls, and on the other hand, when the value exceeds 1, there is a 
possibility that the deposit action of carbide may change and processability and fatigue strength may fall. 
[0034]Next, the manufacturing conditions of a welded steel pipe are explained, performing hot-rolling which 
makes finishing rolling temperature not less than 850 **, and cooling to 700 ** or less within after [ finishing 
rolling ] 5 seconds in this invention, after heating the steel slab of the above-mentioned presentation at not less 
than 1 1 50 ** — more than 600 ** — it rolls round at -675 **. and is considered as a hot-rolling steel strip, and 
a tube is formed after pickling and a slit. 
[0035]Hereafter, these reasons for limitation are explained. 

Slab reheating temperature: In rolling after reheating the cooled steel slab, in order to make many of sludges in 
steel re-dissolve and to deposit complex carbide (Ti, Mo) all over a ferrite, the reheating temperature of steel 
slab needs to be not less than 1 150 **. 

[0036]Finishing rolling temperature: In order to control a deposit of the big and rough carbide by processing 
induction deposit, hot-rolling finishing temperature needs to be not less than 850 **. 

[0037]hot-rolling runout cooling conditions: (Ti. Mo) controlling the separation state of complex carbide and 
making the particle diameter of 1 0 nm or less carry out a detailed deposit — an atomic ratio — a table — in 
order for the bottom to make the value of Mo/(Ti+Mo) into the range of 0.33-0.77, control of hot-rolling runout 
cooling conditions is important. (Ti, Mo) It is necessary to cool to 700 ** within 5 seconds after hot-rolling finish 
rolling finishing to obtain the complex carbide which controls growth of complex carbide and has a desired atomic 
ratio (Ti, Mo). 
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[0038]coiling temperature: for particle diameter's making the ferrite where complex carbide (Ti, Mo) of 10 nm or 
less deposited 60 to 100% at the rate of an organization region — hot-rolling coiling temperature — more than 
600 ** — it may be necessary to be -675 ** If it exceeds 675 ** (Ti, Mo), in order that complex carbide may 
grow, intensity falls, and a ferrite molar fraction falls that it is 600 ** or less on the other hand. 
[0039]Although the tubulation method in particular from a steel strip to a welded tube is not limited, when 
considering it as an electric-resistance-welding pipe in the procedure of the shape straightening by roll forming, 
electric resistance welding, a sizer, etc., it is desirable to make into 0.3 to 10% of range the width diaphragm 
defined by the following formulas for reservation of processability and toughness. 

Width diaphragm = [(width of raw material steel strip) -piKproduct outer diameter) - (product thickness)]] pi[ /] 
{(product outer diameter) - (product thickness)} x (100%) 

[0040]Seam welding under post annealing and the control atmosphere of an oxygen density, etc. can be further 
performed to the welded steel pipe of this invention from a viewpoint of the security of the good processability 
of a weld zone, and toughness. The cold work in the process before and after seam welding, warm working, hot 
working, heat treatment, plating treatment, and a surface lubricating treatment can be added in the range which 
does not lose the microstructure of this invention regulation, and a sludge state. 
[0041] 

[Example](Example 1) After reheating 20 kinds of steel slab of A-T shown in Table 1 at about 1280 **, It was 
considered as the hot-rolling steel strip of 2.0 mm of board thickness on the finish rolling temperature of about 
915 **, about 3 seconds of cool time up to 700 ** in a runout, and conditions with a coiling temperature of 
about 630 **, and pickling, slitting, and after carrying out roll forming, it welded and was considered as the 
welded steel pipe with an outer diameter of 70 mm. The width diaphragm was made into about 4%. 
[0042]The microstructure of these steel pipes was observed and the mean particle diameter of a sludge and a 
presentation were searched for. The result Is shown in Table 2. The microstructure evaluated the section by 
scanning electron microscope observation after the Nay Taal etching, and transmission electron microscope 
observation of a thin film and an energy dispersion type spectroscopic analysis estimated the mean particle 
diameter of a sludge, and a presentation, respectively. 

[0043]While cutting down the JIS No. 1 1 specimen from these steel pipes, doing the tensile test and asking for 
tensile strength, the bending characteristic of these steel pipes, a fluid pressure working characteristic, and 
fatigue characteristics were searched for The result is shown in Table 3. 

[0044]the ratio of marginal bend-radii (bend radii of pipe center axis) rho (mm) by rotation ****** with which 
bending nature used a pressure die and inner steel together, and tube outer diameter d (mm) — value TS/ 
(rho/d) (MPa) which broke intensity TS (MPa) of the steel pipe by rho/d estimated. Bending nature becomes 
good, so that a value is large, the purpose of evaluating a compound working characteristic — marginal bend- 
radii rho after the diametral shrinkage machining of 10% of an outer diameter diameter reduction rate — marginal 
bend-radii [ at this time ] rho — the value of '(mm) and ratio rho'/d with tube outer diameter d' (mm)' was also 
calculated. 

[0045]The fluid pressure working characteristic set deformed portion length to 2 d (d: pipe outside), and 
evaluated it by the fracture marginal peripheral length rate of Increase at the time of a fluid pressure free bulge 
examination on two conditions of axial compression "nothing" and "being." Axial compression power was made 
into the conditions used as stress ratio (axial stress/hoop stress) =W/(2pir2p) =-0.5 of a shell. However, 
W:compresslon stress, an rthick center radius, P: It Is Internal pressure. 

[0046]The fatigue characteristics of the steel pipe fixed the end of the curved pipe, have already bent the end, 
at the flat surface, they made It It displaced perpendicularly, bent It, and they twisted it, and the fatigue test 
estimated them 4 point-bending fatigue test of the straight pipe. The ratio (sigma^/TS) of for the first time in [ a 
piece ], 10 ^ repetition fatigue limit sigma^ (twice of major-principal-stress amplitude) in conditions with a 
frequency of 5 Hz, and steel pipe intensity TS estimates 4 point-bending fatigue test of a straight pipe, After a 
curved pipe's bending, twisting and carrying out rotation length bending of the fatigue test with bend-radii 
rho/d=2.0 and the bend angle of 90 degrees. The ratio (sigmag/TS) of 5x10 ^ repetition fatigue limit sigmag 
(alternating stress of major principal stress) in both ways and conditions with a frequency of 1 Hz and steel pipe 
intensity TS estimated, respectively. 

[0047]No.1 of Table 1 - 1 1 are examples of this invention whose ferrites where the complex carbide whose 
values of Mo/(Ti+Mo) expressed with the particle diameter of 10 nm or less and an atomic ratio are 0.33-0.77 
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(Ti, Mo) deposited are 60 to 100% at the rate of an organization region while component composition is within the 

limits of this invention. 

In tensile strength TS, TS/(rho/d) by 590 or more MPa More than 400MPa. Marginal bend-radii rho'/d' after 
diameter reduction showed the outstanding fluid pressure working characteristic of not less than 17% of the 
peripheral length rate of increase the outstanding 2.8 or less bending characteristic, not less than 9% of the 
peripheral length rate of increase in those without axial compression, and with axial compression, and showed 
the fatigue characteristics which were excellent in >=(sigma^/TS) 0.6 and >=(sigmag/TS) 0.45. 

[0048]On the other hand, No.12 of the steel N from which the steel L and Mn from which C and aluminum 
separated low from this invention range separated low, and 14, The quantity of a detailed sludge is insufficient, 
the particle diameter of carbide is not less than 10 nm, and, as for No. 17 of the steel Q and S whose Ti and Mo 
separated low, and 1 9, the presentation of the sludge has separated from the range of this invention in each 

Tensile strength was less than 590 MPa in each case, and TS/(rho/d) had less than [ 400MPa ] and the low 
bending characteristic, and less than 0.6 and (sigmag/TS) had [ (sigma^ / TS) ] less than 0.45 and low fatigue 
characteristics. 

No.13 of the steel M, O, and P from which C, Mn, O, Ti, and Mo separated highly from the range of this invention, 
R, and T, and 15, 16, 18 and 20, One item or more of the rate of a ferrite region, the mean particle diameter of a 
sludge, and a sludge presentation becomes the outside of the range of this invention, TS/(rho/d) had less than 
[ 400MPa ] and the low bending characteristic, 14% or less of the peripheral length rate of increase and a fluid 
pressure working characteristic were low 8% or less of the peripheral length rate of increase in those without 
axial compression, and with axial compression, and less than 0.45 and fatigue characteristics also had [ less than 
0.6 and (sigmag/TS) ] low (sigma^ / TS). 
[0049] 

[ Table 1] 
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[0050] 
[Table 2] 
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[0051] 
[Table 3] 
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[0052]Next, the steel A and the steel G which are within the limits of this invention were hot-rolled on the 
conditions shown in Table 4, and it was considered as the hot-rolling steel strip of 2.0 mm of board thickness, 
and pickling, slitting, and after carrying out roll forming, the steel composition presentation welded and 
considered it as the welded steel pipe with an outer diameter of 70 mm. The width diaphragm was made into 
about 4%. The microstructure of a steel pipe, the mean particle diameter of a sludge, and the presentation which 
were acquired are shown in Table 5, and tensile strength, the bending characteristic, a fluid pressure working 
characteristic, and fatigue characteristics are shown in Table 6, respectively. 

[0053]The ferrlte where the complex carbide whose values of Mo/(Ti+Mo) which expressed with the particle 
diameter of 10 nm or less and an atomic ratio No. 21 which has hot-rolling conditions In this invention within the 
limits, and 26 are 0.33-0.77 (Tl, Mo) deposited is 60 to 100% at the rate of an organization region. 
In tensile strength TS, TS/(rho/d) by 590 or more MPa The outstanding bending characteristic beyond 400MPa, 
Not less than 9% of the peripheral length rate of increase in those without axial compression and with axial 
compression showed the outstanding fluid pressure working characteristic of not less than 1 7% of the peripheral 
length rate of increase, and the fatigue characteristics which were excellent in >=(sigma^/TS) 0.6 and >= 
(sIgmag/TS) 0.45 were shown. 

[0054]On the other hand In No.22-25 from which the cool time up to 700 ** and either of the colling 
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temperature separated from the range of this invention after slab cooking temperature, finish rolling temperature, 
and finish rolling, and 27-31 , In order that the value of Mo/(Ti+Mo) which all had the particle diameter of the 
sludge in a ferrite as large as not less than 20 nm, and expressed them with the atomic ratio may exceed less 
than 0.33 and 0.77, TS/(rho/d) had less than [ 400MPa ] and the low bending characteristic, the fluid pressure 
working characteristic was low as compared with intensity, and less than 0.45 and fatigue characteristics also 
had [ less than 0.6 and (sigmag/TS) ] low (sigma^ / TS). 


[0055] 
[Table 4] 
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[0056] 
[Table 5] 
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[0057] 
[Table 6] 
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[0058]The welded steel pipe of this invention within the limits is excellent in the fluid pressure working 
characteristic within a mold, and is bent, and the processability outstanding also in shaping which compounded 
fluid pressure, expansion, pipe shrinking, etc. is shown, and it excels also in the fatigue characteristics after 
compounded shaping. 
[0059] 

[Effect of the InventionjAs explained above, according to this invention, the intensity of 590 or more MPa of 
tensile strength can be had and bent, and the high tension welded steel pipe which combined processability 
required for fluid pressure, expansion, pipe shrinking, shaping that compounded these, etc., and outstanding 
fatigue characteristics can be obtained. The high tension welded steel pipe of this invention fulfills intensity 
required as closed section automobile structural-member raw materials, such as a suspension arm, a suspension 
member, an axle beam, a stabilizer, a frame, and a shaft, processability, and fatigue characteristics. 
It is very effective as these raw materials. 


[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing iJThe graph which shows the size of the ferrite molar fraction of a steel pipe, and the sludge in a 
ferrite, and the relation of the bending characteristic. 

[Draw]ng__2]The graph which shows the relation of the size of the sludge in a ferrite. and the value of Mo/(Ti+Mo) 
and the fatigue characteristics of a steel pipe which were expressed with the atomic ratio of the sludge. 


[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


DRAWINGS 



[Drawing 2] 
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0 . 5 0%, C u : 0 . 0 1-0. 24%, B : 0 . 0 
001-0. 0006%, Ca:0. 0001—0. 0 
040%, REMiO. 0001-0. 0 04 0%ro5 

■tb(D^mKi±^t^■t^:ltt<X'^^, Sfc, 0. 15 

SiTi - (48/14) Nl/Mo^1 ^Mfzt^lt 


[002 1 ] ctibron^asiifeiTOTjsyTjfcSo 
c : ciiRffSro?4^, ^)DXtt, is^tttt^^Sfctol- 

^^S^jryx^'f (T i , Mo)^^^^b!|** 

mi$.i-^'£.-'^7vmX'i)^. LA^L, -tCDfiA^'O. 03 5 
%*,^-efc^t?tg[?HSIC!2^®/d:Sro (T i, Mo) m 
■^mtmmhh-fi^t^T^&ttj:^}. -ys. o. les 

!f#ttA<'*1b-ri)o LfcA^oT, C^**^0. 0 3 5- 
0, 1 8 5%i:f *o 

[0022]Mn: Mnl±(Ti,Mo) ^-^mit^ 
rofi£5:aiJt*WftlJL, nmt<^ 0 nmJilTro (T i , M 

o) ^-Bmit^^mi&t-^^fzibcn'^mTtmx'^^o l 

A^L, f-rol:A<0. 7 5%7fe;l-C-lilf4gA<1 0 nm*;l 

ro (T i , Mo) ^^K^b!feA<+«■l3J^^/S^?;t^4-^-^fc^6 
pJtMO)54^, iDXtt, ^£»i[*^4Aq#b*^■f, 1 . 
9 5%$ffix.-5.t7x^-1' h*i®<n®^^^*^6 0%*iS 

#gSO. 7 5-1. 9 5%>fr^ = 
[0023]Mo: Mo l±mMO)?SJS, JDXtt, j£» 

4#tt*^-5fcto(C!fi.^)5i:;7x^'i' hil86if^a) (T i , M 
o) ^■^mitm^^t&^-^^'MMTtmX'tf)^, LA^L, 

^(j>m.t<o. 0 1 fc -St, jpxttji^iz 
(T i , Mo) ^^mtw^^!:=^-r. §i 

®, jDXll^Si:4-y, 0. 4 9%*|gx.-Si:!(£ 

^1tl±AM£Tl-«.. LtzA^^X. Mo^^g^O. 0 1 
-0. A9%tti>c 

[0 0 2 4] Ti: J MtMotmm. mmo^s^■. 
jipxtt. j£^f#tts?#.5fctoic!2!>!i7S7x7'r ssaet* 
ro (T i , Mo) i&-^mmi±f&^-^^!ii'tM7imx'& 

-5. LA^L, -troSA^o. 0 1 0%*jS-efc«)t, 5i 
jS. inxttJUSizi&SJEcMro (t i, mo) ^-^mt^ 
*<^|e.^^.■r, 54^, 1)UXi±T-&tt6i^). -15. o. i 4 
5%$M^§<tJgS^!t#14AM£Tf LfcA^-oT, Ti 
•t^aSO. 0 10-0. 14 5%t-f'5)„ 

[0 0 2 5] Ai: A wmmmo^mjimx^it 
tti-, sftsxfi-ero;j--XT^-^-'r hsra/SftSfflsy^'i. 
ct-e (T i, Mo) i&'^mtm^mm^tii^it^tcib 

0&m7tmxS>^o LA^L, ^roSA'O. 0 1 1 %*a 
T*l*-€-a)S!i*lcSL<. -:^s 0. 1 0%*Jax.S<!:ig 
»if#ttA<*^b-r-5. Lf=;!i<o-C, Al^^g^o. 0 1 
1 ~0. 1 0%tf So 

[0 0 2 6] P, S, N, O : C^t & (*L\-f JfflX 

14, is*4t14^1£T*i+*5FiK!fe7c*r'fey, Plio. 

0 3%, SliO. 0 0 4%, NliO. 0 06%, O li 

0. 0 0 4%$^s^-&i:•?-<7)ffil^^*^'sl^^b■r§fc4^), 

^- ro in ^ ^ O ± PS i: f * o 
[0027] Si: Sili^x^-f hJB^Sro^filc^^ 

^ztfi<Xt^c '(:(OM.A<0. 0 0 5%*;1lr'li-?-<0Sii 
Slc2L<, 1. 5 0%^Sx-&tjg^!f#14A<<a 


0. 0 0 5-1. 5 0%<tf -5)0 
[0028] Cr : CrliMnW (Ti, Mo) 

0. 0 1 ~0. 2 4%t-f i).. 

[0 0 2 9] Nb, V, W: Zi(l^07iM\tMi\:'!ll}^ 

to1-i)CtA<T'^^o l^thtO. 0 0 1 %*;-S-C'l*^ 
Oy)]mz^L<. NbliO. 06 0%. VttO. 050 

%. wi±o. 5 o%^m^^ti}nT.i±tmmmm&T 

ti,. LfcA<oT, Ctlb^iSin-r^ii^lCli, Nb: 
0. 001~0. 060%, V:0. 001~0. 05 
0%. W:0. 00 1~0. 5 0%fr*„ 'Sfc^ T i 
A?0. 0 4 1 %*i|(DJi'&|Cl*. N bO)5iJS^*^^t* 

^^SA'o. 0 1 7%T'«a?g-t-S<or% NbSo. 01 8 
%m±;S*n-ri)ii^i*T i A<o. 0 4 1 %jji±T'fc-Sc: 

[0030] Ni, Cu: C^XbliMnO) (T i , M 

to, 'MWti>:itt'^X^i>. ^(Dmi<0. 0 1 
i±^-ro?;j|l|:;SL<, n i lio. 50%, cui* 
o. 2 Ar%im?i.^ tliajLi±t&'^}^m^'^itt ^tz 
ft, N i , c u ^iSSa-r-SJi^lziis N i : 0. 0 1 ~ 

0. 5 0%, C u : 0. 0 1-0. 2 4%<t-r.5. 
[00 3 1 ] B : Bitmmzm^Xtl^ii^^t^tz 

ftciiSiraf 5-i:A<T-#*„ ■€-ro=A<o. 000 1 %* 

mx'\t^(Di^m=.s.[.<. 0. ooo6%$jax..st»p 

I*, -^-ro^^M^o. 000 1 -0. ooo6%tl- 

[0032] Ca, REM: Ca, REM(*^S1bfeO) 

ffJXI*ij|4P(cj; yioxtt^-Ilia^6S«ll*A^'fc§fc46^^lP 

t-SCIctA^T'^-So L^•r^tO. 0 0 0 1 %*;-S-C:Ii^ 
roaSI-S L. < , 0. 0 040%$JS^T4,^CD3a*A^ 

0. 000 1 -0. 0 0 40%t-r'5„ 

[0 0 3 3] (T i - (4 8/1 4) Nl /Mo : 7 

i^-f h*fllS4'ro (T i , Mo) «^^^t!feiro-9--f 
1 0 nmjyTro«ffl4-trot-r-i)f=to(=i*, T i. M 

o, NCDSM%T?g$tl-S (Ti - (48/14) N) 
/M oro^iA^'0. 1 5-1 (73toHrtT:-fc-5)Z<tA<W*L 
L^<. Ztl-I*, T i JS^^tMolI^^&^ffiSf^fflf 

^b:♦^So (T i - (4 8/1 4) N) /Mo<OiiA< 

0. -i smmx&^t. ^iiithmit'^-^^xf3<:K^< 
tmt^(ji^m^mA<mtLxisax^tm^^i^ti3<i& 


[0 0 3 4] '^mm'S(r>n'Am>¥\z'oi^xmmt 
So :^;^B.^-ett, ±tB$afi?:ro^xv::'$ 1 i s o°ca± 

izm^Lfz'^. tt±lfEgS)t^8 5 0''Clil±i:t-SgJ 
PhIES^JSL, 1±±lfI±S^5|ifa11UrtlC7 0 0°C1*IT 
*T-/^i|]L. 6 0 0°Cjg-6 7 5°CT'^S!oTilfiaSi!S: 

tU. Kiifc. x'J-y h^igttSo 
[0 0 3 5] J5i,T, Ctl-b(D|ig^JIS(30tNriJiB.S-r 

(Ti, Mo) W.-^mit^^yji'y'i \~%m^\~^tii^ 
-ttSfctoic, S!|X7^ros*Pl!*;SgS 1 1 5o°c^u±i: 

[0 0 3 6] tt±lf)EM;S)t : ADXKSaflfaJIcJ;^*! 
^^bifeico «f tiJ ^ fflftUf * fc ft lcl*|ftStt± If $ 

8 5 0"CJil±t1-*^i>gA<fc*o 
[0 0 3 7] V^-^ h5lfaft14^ : (T i , M 

o) 1g^^^b!feroffiaj!Kfil5lil1iPL, itetii onmiyT 

l=«l!!m*ftii$-ti-. ISTitT-aUfeMo/ (T i +Mo) 
(D&iO. 3 3-0. 7 7(;)$GBli:-r-5fctol~(*ilfi®7 

v^'t' h;tffl^#ro*W;i^*MgT?fc-&„ (Ti, mo) 

^■^mmoi$.^im%iiLpm(Dm'ftt^^t^ (t 
i, Mo) m-^ixit^^m^\-\mMi±±{-fmmn7 
5^i>ftiJyi^i~7 0 o°ci;T;;^a^-i)!£;vSA<fci,o 

[0 0 3 8]#ffi!SS: m@A<1 0 nmJilTOT (T 

mi^mx'6o~^ oo%i:-r-si=i±, sfas^»ss*6 

0 0°Cja~6 7 5°Ci:-ri)!Ji>liA<fc.5. 6 7 5'C*Mx. 
■St (T 1 , Mo) tt^^^b!felA<JS:g-r'Sfci65i®AM£ 
TL, -:^6 0 0°CJJlT-C'fe-5)t7i5-r hiffiia^i'^A< 
«Tf So 

[0 0 3 9] ^H^A^^.;t}gt'Nroitt:^;•^l*^#lcPS^^ 

•StSiKy^O. 3-1 O%0)BHi:-ri)Ci:;b<SSL 
l\ 

isiKy= [ (^wffl^roipi) -TT ! (Sfiing) - m 

s,mm) ] 1 /n { m&^m - mshmm) i x 

(10 0%) 

[0 0 4 0] :^mm(Dmm'giz{tmm(Dmtd:mx 

it «& a £ AP ^ •& - 1 -C' # S o 
[0041 ] 


1 5°c, h-erov 0 o°c*-ecD;-^SB#raTO3 

^BX;SJtiSi-]6 3 0°C©^frT?te)l2. OmmroSfiS 
-;gf^L, ^1-fl7 Omm(D-;§?gililf i: Lfco 1isMy(i*^4 
[0 0 4 2] C;t^biBtro5'?Pffi^S^tSgL, tftiJtl 

[0 0 4 3] ^fz. :i;HblP3f A^b J I s 1 1 •^|it^>t 

[0 0 4 4] ffilf*ai1±l±. Z/U-VvA'-^f'Tt'O^t 

mi^m) P (mm) ttM-fSd (mm) trottp/d 
T'Pf^ro?i^TS (MP a) SfHofclSTS/' (p/ 

d) (MP a) [ci;yi¥fffiLfco m^izti^i^fmno 

Ccnt#fflPS#Eaif¥g/0 ■ (mm) ttnsd' 
(mm) tCDit^o' /d' CDli^.5Sttfco 

[0 0 4 5] iSE^)niit*tti*;"iSEgaM*;ui?i3tKB#03fiS 

®f|iS^)^Sl^iP$l-ct;y, ^}^S|5fi*^2d (d 

m tL. liiiEiffi r^-Lj fccti/ rfcyj roa^ftr-fF 

iffiLfco $4E,ti:^l*. f^*rolE;^IJ:t (|ft:^(S])*:;b/R^ 
:^!S]]S;;^) =W/ (2 ;r r 2 P) =-0. 5i:4-*^ft 

P : P»qE-C'fc-5o 

[0 0 4 6] ISt(r)i£^!t#14l*, Etro4^ffilfiS»ii£ 

E^ro4^ffiifiS»iae5i*M-iiy. h^iks h zo^^ 
r-cDi o6i^yiSLaK*v|!lSo-A (»:^±tt:tiiii|!Mro2 
1^) fciSfSSitTs troii (cta/ts) r-ifiiL, ffi 


Iftroffilflgyffi^iiCltli. ftlf#S0/d = 2. 0, 

SifftS9o° -eme^itfflif Lfc^s (Stiy, JSjSiK 
1 H 7.(r)fkn-X'(0 5x 1 0 5|gy®Li(K;n.i!SSaB (ft 

S) -C"^:tl.-ftl.i¥1iLfco 

[0047]SiroNo. 1-111*. fi£^)-|afig7!)<;$;fg 
BJ(D$GHP«9-C'fc-5ti:%lc, *4g1 OnmlJiT. H^it 
T'SLfcMo/ (T i +Mo) (7)1i*<0. 3 3~0. 7 

7-C*fc«, (Ti, Mo) Ig^^lbiKiiA^SfmLfc:?!^-^ 
h*affiA^!iaei®^}-^-e6 o~ 1 o o%-e&s**BJ«ii-e 

feys ?l5S3SSTSA^5 9 0MPaJil±r% TS/(p 
/d) AUOOMPaKl±. $fifi*roPg^ftlf^<5p ' 

i?tDjiifiiiiD$9%^u±. m&mh^)X'm^mmm-\ i 

%^:^±<Dg4^fc;■SE}lDX^#■tt^.^^L. (aA/TS) ^ 
0. 6. ((Tb/TS) ^0. 4 5 0)®tlf=iK»#t4$ 

[0 0 4 8] *^W$EHA^f>Cfc^t;A I Mg< 

ntlfcSHL. MnA<(£<n*l-fcaSN(ONo. 12, 14 
(*, !»*ffl'Ji:«ftii!ftroMA<:^+^^-t-fcy. T i. MoAMg 
<51-^fclHQ. SWNo. 17, 1 9(i. mt^jic^m^ 

A<i 0 nmJii±-efcy. *fc, i^-r^itfiffcHiferoiififiEA^ 

OM P a^iSUA^OT S/ (p/d) *<4 00MPa* 
iMtffllfSDXif#t±AMS<. (crA/TS)A<0. 6* 
iS, (as/TS) A<0. 4 5*iS<!:ili^!f$ttAMgA^c 
fco S^Sie^roJEHAvbC, Mn. O. T i, Uotmi. 
ntlfclHMs O, P. R. T(ONo. 13, 15, 1 
6, 18, 2 01*. h*a«t®^J$. «fffi!fe(0¥ 

isififi. tftbWfiit<Dd*.iiiiJa±A<*fsw(oeffl*i- 

ir^-y. TS/ (p/d) AUOOMPa*iStfflIf*a 
x^t11AMS<. ^^E,!e'd:L^?roJafi±i^D$8%^UT. w 
EilSfc y r-JllfiitJP^ 1 4 %^UT k ;-«E*QX!f§ttAM£ 
<. (CTa/'TS)*?0. 6*jS. (0-b/TS)A< 
0. 4 5*:jiltj£»!t#14*.1£*^ofco 

[0 0 4 9] 

[«1] 





(wt%) 




C 

Si 

Mn 

p 




0 

Ti 

Mo 

Cr 

Nb 


|Ti-(46/14)N)/Mo 




0.145 

0.33 

1.38 

0.004 

0,003 

0,035 

0.0025 

0.0010 


0.25 

0.22 

0.024 


0,46 



B 

0.042 

0.20 

1.72 

0,008 

0,002 

0,015 

0.0042 

0.0011 

0.087 

0.22 

0.01 

0.003 


0,33 




0.057 

0.54 

1.87 

0.007 

0.002 

0.011 

0.0OS3 

0.0015 

0.058 

0.16 

0.11 

0.000 

Ni;0.45 

0.25 




0.066 

0.20 


0,015 

0.001 

0.06B 

0.0038 

0.0003 

0.046 

0.21 

0.00 


WK).44 

0.17 




0.0B5 

0.23 

1.42 

0,026 

0.0004 

0.013 

0.0021 

0.0015 

0.072 

0.11 

0.14 

0.010 


0.59 




0.039 

0.15 

0.92 











0.41 








0.004 

0.041 

0.0026 

0.0025 

0.086 

0.18 

0.08 

0.009 


0.43 




0.052 

0.1 B 

1.20 

0,014 

0.002 

0.035 

0.0035 

0.0024 

0.070 

0,20 

0.00 

0.015 

Ca:0.0O23 

0.29 




0.037 

0.00 

0.78 


0.001 

0.O26 

0.0045 

0.0015 

0.018 


0.00 

0.000 

Cu:0.22 

0,18 




0.047 

0.21 

1,48 


0.0007 

0.075 

0.0011 

0.0011 

0.087 

0.33 

0.00 

0.000 

B:0.0003,REM:0.0011 

0.25 

ia 



0.054 

0.16 

1.04 

0010 

0.001 

0.021 

0.0026 

0.001 B 

0.082 

0.25 

0.11 

0.018 

- 

0.29 


12 

L 



1.58 

aOQ3 

0,003 

0,000 

0.0016 

0.0006 

Q.0S8 

0.15 

0,00 

0.010 


0.35 




p.210 

Q.ie 


aoi8 

0.001 

0.015 

0.0038 

0.Q010 

0.052 

0.08 


0.023 


0.48 





D.3S 

Q,?7 

a028 

0.002 

0.019 

0.0045 

0.0008 

0.048 

0.23 

0.00 

0.000 


0.15 


15 

0 

0.038 

0.74 

2.35 

0018 

0.004 

0.035 

0.0026 

0.0012 

0.078 

0.26 

D.16 

0.000 


0.27 


16 


0.087 

0.16 

1.25 

aoi7 


0.045 

a0052 

0,005? 






0.37 



Q 

0.065 

0.45 

0.85 

aoii 

o.oooa 

0.075 

ojooza 

0.0023 

0.W8 


0.03 

0.000 


-0.02 


18 

R 

0.045 

0.69 

0.85 

aooB 

0.0002 





0.36 

0.04 

0.000 


0.47 












0.069 







20 

T 

0.075 

0.06 

i.as 

0.013 

0.004 

0.048 

OJ»23 

0.0008 

0.042 


0.00 

0.003 


0.05 











mm 


Mo/ai+Mo)IS^tfc 

m 




4 

0.52 


2 

100 


3 

O.SB 


3 

97 



0.54 

Emu 

4 

95 


2 

0.B5 


5 

83 


5 

0.42 


6 

100 


7 

0.54 


7 

97 


7 

0.55 


8 

95 


6 

0.58 


9 

100 


5 

0.51 


10 

100 



0.68 



95 


2 

0.73 


12 

100 


8 

0.24 FsMW 

13 

.54 


22 

0,07 



95 


8 

0,15 


15 

48 


7 

0.28 


16 

77 


3 

0.44 


17 

82 


23 

Q.8a 


18 

100 


27 

0.21 


19 

92 


26 



20 

54 


7 

p.85 1 itWtVt 


I ^1^^^ I 


g*/TS 


«:fl'=«»lDXttt4><,«ro*lf*g(mn0.il^llitlBXfta)«rtgO™i) 


[0 0 5 2] ;:3?ic. JSj$5i'*ajjEA<*f6BJ(D$EHrtlrfcs 

ISA, mGim4izirsr^\^X'mms.mLxi&W2 . o 

[0 0 5 3] |fijl^frA<*^B^Si5Hrt|-fe*N o. 2 
(T i +M o) roliA^O. 33~0. 77r*fc-S(T 

i . Mo) ^^^it:feA<«faiufc7x7-i' h«aiaA<*a*a 
0-10 o%t?fcy. ?I3«3SSt sa^s 9 o 

MPaU±X\ IS/ {p/6) A<4 0 OM P a lil±CD 
Eft If *DX!t# 14, f4 EJS 'Jf L -r? ro 11 fiig^D $ 9 % iii 


x#14^*L. (cta/ts) so. 6. (o-b/T 
S) ao. 4 5(7)11tlfc5S5^f#1t^*Lf:o 

[0 0 5 4] 7.^:?AP^;SS. 1±±E®SSs tt 
±E®^7 0 o°c*-t:-ro;tsPB#rJi, mr^&o^i'^-fM-^ 

if'^^^mom.mt'^^^MzHo. 22~25, 27-3 
1 r-li, t^■ftLt :7X71' hct^ro^Jftti!t^05!fi[gA<2 0 n 
mJJl±<t:*:#<, )I^J±T?SLfcMo/ (T i +Mo) 
(OliA^O. 3 3*;Sfc*l^l^0. 7 7$Ja;^*fcSi, T 
S/ (p/d) A<4 0 0MPa*;'Stftlf*PX!t#14A^<a 

<. ?iSictkLTi^E»nx!t#tt6Ma<, (cta/ts) 

A<0. 6*!S. (ctb/TS)A<0. 45*iitffi^if# 

[0 0 5 5] 
[S4] 









ttJbEK 

±±Effift700''CiaT« 

a) 




1286 

915 

2 

615 


22 


1200 





23 


1165 

875 

11 

630 



A 

1280 

950 

2 

715 




1300 

935 

2 

535 


26 



820 


630 


27 

G 


855 


635 


28 
29 

G 

1270 
1275 

820 

3 

820 

Ki 

30 

G 

1255 

SOS 
SIS 

3 

615 
685 


31 

Q 

1195 


3 

f3q |tb«« 



No. 




Mo(Ti+Mo)ffi^H; 

m 



21 
22 


80 





77 


n 

9^2 


"m 


79 


25 

0.24 


85 






32 


^ 

m 


26 

100 


2 

0.4a 


27 
28 

94 
93 


2? 

O.BB 

29 

94 


24 
?9 

0,21 
0,16 


30 
31 


97 


31 

0,10 


45 


24 

o.ie 


0 5 7] 






mm 



i 



TS 


TSAp/d) 
(MPa) 









21 


2.2 

474 


9 

18 

0.61 

0,46 



760 

2.3 

330 


8 

14 

0.55 

0,40 


23 

780 

2.2 

355, 

— fr- 



Mi 

0.38 



685 


343 

3.1 


17 

0.54 


itm 

25 

9B5 

3.2 



i 


0.52 



28 

612 

1.7 

478 

2.2 

12 

24 

0,64 

0.48 






321 

2.7 




0.38 



29 

645 

2.0 



8 

1§ 

o.W 

0,41 

m 


29 

S75 

2.1 

321 

2.9 

9 

IS 

OM 

0.40 



30 


2.3 

306 

3.0 


14 







814 

2.3 

221 

MM 

2 

12 


0.41 







[0 0 5 8] *^?3roteSlrt(n!§S^ti*. i^i?5-ecDiS 

EJOX!t#ttlcll;h., ffilfs iSE. fi£t. 

[0 0 5 9] 

§l?I5S^ 5 9 0MPa)y±ro?SS^%L, ffl(f, ;-SJ±, 


So 

[01 ] Siltro7x7^' h-^'^P, 7x7-< KffiiS^rofif 
[02] ^x^-Y h*iiK*ro#ftb!|^!i©>;^^. «faiticD 

mififX^mLfzMo/ (T i +Mo) ©{tt^tOilS^ 


im2] 



02)%BM% mm nm 

(72)^B^# ±# its 


(72)f6W# IS* e 

mm«Tf*BaiZ5ti,(0rt-Tg 1 #2# 

F^— 4K037 EA01 EA02 EA05 EA06 EA09 
EA11 EA13 EA15 EA17 EA18 
EA19 EA20 EA22 EA23 EA25 
EA27 EA28 EA31 EA32 EA33 
EA36 EB05 EB08 EB09 EB11 
FAOO FA02 FA03 FBOO FC04 
FC05 FE02 FE03 FE05 GA08 
JA06 


